A kinetic investigation of the consecutive acid-catalysed hydrolysis o f difer/.-butyl m alonate in dioxane-water mixtures is given. The rate constants of the first and second hydrolysis steps decrease by addition of the organic solvent, and both steps proceed concurrently by A^ 1 and AAc2 mechanisms. The kinetic ratio k\/k\\ depends on the solvent composition. The results are compared with those obtained previously for direr?.-butyl succinate in many aspects such as rate, percentage Aa ]1 fission and the role of the inductive as well as steric effects. The maximum concentration of the interm ediate, halfester, decreases with decrease in the ionising power of the solvent and has nearly the same value for malonate and succinate in isocomposition media. The effect of the dielectric constant on the rate constant and the activation therm odynam ic parameters are discussed.
Introduction
Kinetic studies o f the acid-catalysed hydrolysis o f sim ple esters led to the firm elucidation o f an A Ac2 mechanism for such reactions [1] . Tertiary esters, however, are known to undergo acid hydrolysis via a mixed Aa ]1 and A Ac2 mechanism whose relative amounts depend on the reaction conditions such as temperature and solvent com position [2 -6 ] . On the other hand, dicarboxylic esters, which involve a consecutive reaction, produce com plications by the fact that each step comprises two hydrolysis rate constants relevant to the different mechanisms. The sensitivity o f these four rate constants as well as the percentage o f bond-fission contributing to the different factors controlling the reaction is a point o f real interest. The present investigation was under taken in order to study the orientation caused by the presence o f two tert.-butyl groups to the m ode in which the respective rate constants are affected by such factors. For this study, the acid-catalysed hydrolysis o f ditert.-butyl malonate in a series o f dioxane-water mixtures was chosen.
Experimental
Ditert.-butyl malonate was prepared and purified as described before [7] . 1,4-Dioxane was carefully Reprint requests to Dr. Adel N. Asaad, D epartm ent of Chemistry, Faculty of Science, Alexandria University, Alexandria, Egypt. 
Results and Calculation
The first-order rate constants kx and kn of the two consecutive steps o f the acid-catalysed hydro lysis o f di tert.-butyl malonate under different con ditions o f temperature and solvent composition are depicted in Table 1 . These constants were calculated by the Swain's tim e ratio procedure [10, 11] . The maximum concentration o f the halfester, CBmai, and the corresponding tim e /max, were calculated accord ing to the standard expressions [11] . The separate rate constants ku and kn for the unimolecular and bimolecular mechanism s, respectively, o f the first step o f the reaction as well as fcni and kn2 corre sponding to those o f the second step, were calculat ed according to the procedure described before [9] . A statistical least squares treatment [12] o f the Arrhenius equation was used to calculate the activa tion energies. The enthalpies (AH*), entropies (AS*) and G ibbs energies (AG*) o f activation were calculated using the absolute reaction rate equation [13] . The dielectric constants o f the dioxane-water mixtures were determined by interpolation from the results reported by A kerlof [14] .
Discussion
The specific rate constants kx and ku o f the individual consecutive steps o f the reaction decrease largely with decreasing water concentration in the solvent, cf. Table 1 [18] , will cause the rate o f consumption o f the halfester to be larger than its rate of accum ulation. The net result is that C Bm ax decreases continuously with addition o f dioxane. This is evidenced by the fact that when the points representing another tertiary ester o f sim ilar structure like, e.g., di tert.-butyl succinate [9] were plotted, they were found to fall on the sam e line. However, for primary dicarboxylic esters like, e.g., Dioxane, w t'/. directly from the fact that the rate o f reaction is influenced by the chain length between the two functional groups and is definitely larger when the chain is longer. The Arrhenius equation is not strictly followed in the present work and a slight deviation above 50 °C takes place which depends on solvent composition. This deviation must m ainly be due to the occurrence o f two concurrent mechanisms whose activation energies differ w idely [21] . The calculated rate constants for each type o f mechanism gave good Arrhenius plots, and the corresponding activation energies were found to be typical for those experi mentally determined for other esters hydrolysing purely via each mechanism [5] . As expected, the percentage contribution o f the A^ 1 mechanism to the overall reaction in each step increases with temperature and decreases with increasing dioxane content. This percentage is also higher in the first step compared to the second one, since the steric effect enhancing the alkyl-oxygen fission [16] is larger.
Moreover, as evident in Fig. 2 , the rate constants k\ i and kn corresponding to the A^ 1 mechanism o f the first and second hydrolysis steps, respectively, are observed to be slower for succinate [9] than malonate. This trend is reversed, however, for the A Ac2 mechanism in which the rate constants kn and kU2 are larger for succinate than malonate. 
